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Abstract
Physiotherapy following elective abdominal surgery has been well documented, but
following  emergency  abdominal  surgery,  despite  poorer  outcomes  and  increased
complication rates, physiotherapy interventions for this patient group remain largely
uninvestigated. The most common complication following upper abdominal surgery
is the development of a post-operative pulmonary complication (PPC). Risk factors
for  the  development  of  PPCs  include  duration  of  anaesthesia,  emergency  upper
abdominal  surgery,  current  smoker  status,  respiratory  comorbidities,  obesity,
increased age and multiple surgeries. Physiotherapy interventions aim to prevent or
remediate  PPCs  and  post-operative  complications  associated  with  the  sequelae  of
immobility such as venothrombotic events and to facilitate recovery from surgery and
a return to  normal  activities  of  daily living and function.  Physiotherapy interven‐
tions after major surgery include early mobilisation and respiratory physiotherapy
techniques.  Respiratory  therapies  include  deep  breathing  and  coughing  exercises,
positive expiratory pressure devices, incentive spirometry and non-invasive ventila‐
tion. Early mobilisation has been demonstrated to be safe and efficacious following
elective abdominal surgery and for patients who are critically ill. This chapter reviews
the evidence in these populations and propose that, until further studies are available
to direct care, this evidence is extrapolated to patients following emergency abdomi‐
nal surgery. As abdominal surgery impacts on physical recovery and health-related
quality  of  life,  post-discharge  rehabilitation  programmes  may  improve  long-term
outcomes; however, rehabilitation following major cavity surgery is in its infancy. This
chapter investigates post-operative rehabilitation research to date in this population
in an attempt to determine the effectiveness of such programmes and make recom‐
mendations for future practice.
© 2016 The Author(s). Licensee InTech. This chapter is distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use, distribution,
and reproduction in any medium, provided the original work is properly cited.
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1. Introduction
Recovery after abdominal surgery is multifaceted and requires input from a variety of health
professionals. Recovery is not a concept that is well defined for healthcare professionals or for
patients. Recovery has been previously described as a return to normality and wholeness
through  an  energy  requiring  process  and  involves  multiple  domains,  namely  physical,
physiological,  psychological,  social  and economic  [1,  2].  Physiotherapy aims to  facilitate
recovery  from  surgery  by  preventing  or  remediating  post-operative  complications  and
providing physical rehabilitation to assist a return to premorbid physical function, and whilst
primarily focussing on physical rehabilitation, physiotherapy may impact on a number of the
other  domains.  Rehabilitation commences,  where  possible,  preoperatively  and continues
throughout the acute and sub-acute post-operative period and may extend beyond hospital
discharge into community-based or ambulatory care to assist with a return to normal activities
of daily living and function.
The effectiveness of physiotherapy to prevent complications and improve recovery for patients
undergoing elective abdominal surgery has been well documented over the past 20 years [3].
However, despite data showing a higher incidence of complications and poorer physical
recovery for patients undergoing emergency abdominal surgery [4, 5], the benefits of physi‐
otherapy for this patient group are yet to be reported in detail.
This chapter will provide an overview of the common complications that occur following
abdominal surgery including emergency surgery, specifically focussing on those that may be
remediated by physiotherapy interventions. Evidence for physiotherapy interventions will be
extrapolated based on both elective abdominal surgery studies and those combining elective
and emergency surgical cohorts and recommendations for physiotherapy practice following
emergency abdominal surgery will be presented.
2. Complications associated with emergency abdominal surgery
Physiotherapists have been involved in the routine provision of care to patients undergoing
abdominal surgery since the 1950s [6, 7]. Post-operative complications are common following
major upper abdominal surgery (UAS) with up to 50% of all patients having some type of
complication following their surgery [8, 9]. Complications include post-operative pulmonary
complications (PPCs), prolonged post-operative ileus, wound infection, haemorrhage and
venothrombotic events [4]. Complications following emergency UAS are two to three times
more common compared with similar elective procedures [4] with patients more susceptible
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to cardiopulmonary complications and sepsis [10]. These types of complications are shown to
be the most frequent cause of early post-operative death and correspondingly the 30-day
mortality rate is five times higher following emergency surgery compared with elective
abdominal surgery [10].
2.1. Post-operative pulmonary complications
Post-operative pulmonary complications (PPCs) are described as ‘…a pulmonary abnormality
that produces identifiable disease or dysfunction, that is clinically significant and adversely
affects the clinical course’ [11]. PPCs may include pneumonia, respiratory failure, atelectasis,
sputum retention, pneumothorax, pleural effusion and pleural oedema [12] (see Figure 1).
Figure 1. Post-operative complications following major elective abdominal surgery [12].
PPCs are a major cause of morbidity and mortality and the most common complication
following elective UAS with a reported incidence of up to 40% [12]. Similar incidences of PPCs
have been reported following emergency UAS [5, 10, 13, 14] although variability in the
definition and diagnosis of PPC affects the reliability of this data [15]. Despite the true incidence
being unclear, emergency surgery is seen as an independent risk factor for PPC across all
surgery types [16].
PPCs have significant consequences for both the patient and healthcare services. Patients have
poorer outcomes and a slower recovery if they develop a PPC following abdominal surgery.
Hospital costs are doubled [17], length of stay is longer by a minimum of four days [18, 19],
and mortality is higher [20, 21] in those patients who are diagnosed with a PPC following
elective UAS. Considering the consequences of respiratory complications, much focus has been
placed on their prevention. By identifying the factors that predispose to the development of
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PPCs and the populations most at risk, prophylactic therapeutic interventions can be more
appropriately targeted.
2.1.1. Risks factors associated with the development of PPCs
The pathophysiological effects of abdominal surgery on the respiratory system are well known.
Atelectasis [22], alterations in mucociliary transport [23], respiratory muscle dysfunction and
altered chest wall mechanics [5, 22], reduced lung volumes and decreased cough strength [22]
are thought to contribute to an increased risk of PPC through the combined impact of general
anaesthesia, post-operative pain and immobilisation, and handling of the viscera [22].
Factors most highly associated with the development of PPCs for patients undergoing elective
abdominal surgery include duration of anaesthesia greater than 3 hours, upper gastrointestinal
surgery, a current or recently ceased smoking history, estimated VO2max below
19.37 ml/kg/min and respiratory co-morbidity [24]. Risk analysis from a recent study focussing
on emergency upper and lower abdominal surgery identified age, abnormal body mass index,
upper abdominal incision and multiple surgeries as predictors of PPC [5].
2.1.2. Identifying PPCs
Rates of PPC vary greatly depending on the diagnostic criteria used to define them, and such
inconsistencies make identifying clinically significant PPCs, comparison of PPC rates and
interpretation of research findings problematic. Additionally, not all clinically significant PPCs
are amenable to physiotherapy interventions, for example, a pneumothorax. One diagnostic
Figure 2. The Melbourne Group Score PPC diagnostic criteria.
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tool, the Melbourne Group Score (MGS), has recently been used to identify those PPCs
considered potentially responsive to physiotherapy interventions, for example severe atelec‐
tasis and pneumonia. Whilst the measurement properties of the MGS have not yet been fully
demonstrated, the tool has been shown to have excellent inter- and intrarater reliability and
good clinical utility when compared to other similar diagnostic tools [25].
The MGS tool is an eight-item checklist, identifying patients as having a PPC if they are positive
for four of the eight criteria in a 24-hour period (see Figure 2).
To date, the MGS has been used following abdominal [18, 26–28] and thoracic surgery [25,
29], and whilst further studies investigating its clinimetric properties are warranted, it
currently remains the best tool for physiotherapists to determine the presence of a PPC
amenable to their care.
2.2. Complications associated with prolonged immobility
Prolonged bed rest is associated with an increased risk of post-operative complications after
surgery. Prolonged immobility has been shown to increase the risk of venous thromboembo‐
lism [30], result in loss of muscle bulk and strength [31], increase insulin resistance [32], reduce
pulmonary function and tissue oxygenation and increase levels of hospital associated depres‐
sion [33]. All of these complications increase patient length of hospital stay (LOS) and, in some
cases such as venous thromboembolisation and decreased pulmonary function, can threaten
life. More recently, literature has clearly demonstrated an increase in the risk of severe acute
weakness syndromes such as intensive care unit-acquired weakness (ICUAW) in the context
of sepsis and critical illness [34]. These weakness syndromes impact patients both during their
acute recovery and following discharge, with some patients experiencing ongoing weakness
and functional difficulties up to two years after their ICU discharge [34].
Delayed ambulation has also been associated with PPCs, with an observational cohort study
finding patients were three times more likely to have a PPC diagnosis for each day they did
not mobilise away from the bedside [27], although it is possible that the presence of a PPC
caused the delay in ambulation rather than vice versa, as a majority of PPCs are diagnosed on
the first post-operative day and before to the opportunity for early ambulation. Whilst no
conclusive evidence has demonstrated that delayed ambulation increases the likelihood of a
PPC, it does contribute to functional decline. A randomised controlled trial found that in
patients following elective abdominal surgery where mobilisation was delayed by three days,
more physiotherapy input was required, and length of hospital stay was increased by 4.4 days
(95%CI 0.3–8.8) compared with those who ambulated on the first post-operative day [35].
2.3. Prolonged post-operative ileus
Post-operative ileus (POI) is a normal, transient impairment of bowel motility and is consid‐
ered an inevitable consequence of abdominal surgery [36–38]. A clinically significant ileus, or
prolonged ileus, is defined as lasting longer than three days [37, 39] and involves symptoms
such as nausea and vomiting, inability to tolerate an oral diet, abdominal distension and
delayed passage of flatus or stool [37, 38]. Prolonged ileus occurs in up to 25% of patients
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following major abdominal surgery, is associated with a higher risk of developing other post-
operative complications and increases hospital length of stay [39]. Early ambulation is included
as part of standard care guidelines and has been suggested to be influential on the timely
resolution of ileus although there is currently little evidence for this [38]. Further studies are
needed to test the hypothesis that early and frequent ambulation reduces ileus rates.
3. Physiotherapy following emergency abdominal surgery
To date, there have been limited data regarding physiotherapy interventions following
emergency abdominal surgery. Physiotherapists caring for patients following emergency
surgery can only base their interventions on evidence extrapolated from elective abdominal
surgery and literature for critically ill patients.
Whilst preoperative education, inspiratory muscle training, and exercise training have been
shown to significantly impact on PPCs in patients undergoing elective abdominal surgery [40–
43], the nature of emergency surgery invariably renders this approach impossible in this
patient group. Consequently, such patients are assumed at increased risk of post-operative
complications.
3.1. Physiotherapy in the immediate post-operative period
Physiotherapists have been involved in the routine provision of care to patients undergoing
abdominal surgery under the assumption that complications can be prevented by assisted
early ambulation and respiratory physiotherapy techniques such as deep breathing and
coughing (DB&C) exercises [44–46]. Whilst there is little evidence demonstrating effective
physiotherapy techniques specifically for the emergency UAS population, there is good quality
evidence to demonstrate that physiotherapy focusing on early rehabilitation in the immediate
post-operative period is both safe and effective following elective UAS, and for patients with
a critical illness (including following emergency surgery) in intensive care. As such, until
further evidence becomes available, evidence from both the critical illness literature and the
elective abdominal surgical literature should be applied to determine appropriate and effective
interventions for these patients. Therapy usually comprises of early assisted mobilisation,
respiratory physiotherapy, strength and conditioning rehabilitation and education.
3.1.1. Physiotherapy assessment
Physiotherapy assessment occurs in the context of the patient condition, the nature and type
of the surgery, the ongoing medical plan, the patient’s premorbid status and any comorbidities
impacting upon post-operative rehabilitation. Level of alertness, ability to follow instructions
and haemodynamic and respiratory stability will be carefully assessed before any therapeutic
intervention is considered. Consensus guidelines for physiotherapy assessment and treatment
have been recently published and, where higher quality evidence is absent, should be used as
the primary resource for recommendations for physiotherapy practice [46].
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3.1.2. Physiotherapy treatment
3.1.2.1. Early ambulation and rehabilitation
Early ambulation and rehabilitation have been extensively researched after both elective
abdominal surgery and after critical illness. There is an increasingly compelling body of
evidence that physical activity 1–2 times per day for up to 15–30 min is both safe and efficacious
for critically ill patients [47]. Early mobilisation has been shown to decrease ICU and hospital
length of stay, reduce the effect of ICUAW and improve quality of life [48]. Early mobilisation
in the critically ill should be undertaken under highly controlled circumstances and such
decisions are made according to individual patient status and haemodynamic stability.
Evidence shows that adverse events occur in only a small number of patients (1–4%) [47, 49–
52]. A recent systematic review reported no serious adverse medical consequences whilst
mobilising critically ill patients in 14 of 15 trials [53].
Enhanced Recovery After Surgery (ERAS) protocols exist to inform peri-operative manage‐
ment of specific elective abdominal surgeries. Such protocols contain recommendations
regarding, amongst other interventions, the importance of early ambulation after abdominal
surgery, specifying the frequency and duration required to be undertaken. For example, for
patients undergoing elective rectal or pelvic surgery the guidelines recommend they are
nursed in an environment encouraging independence and mobilisation with two hours out of
bed on the day of surgery and six hours out of bed each day thereafter [54]. A further example
includes patients following elective pancreaticoduodenectomy and states such patients should
be actively mobilised from the morning of the first post-operative day, with mobilisation
targets to be met each day [55]. Regardless of specific protocols, there is general consensus that
to counteract the deleterious effects of immobility following any abdominal surgery patients
should be mobilised early and often [54–58].
3.1.2.2. Respiratory physiotherapy
Whilst DB&C exercises to clear secretions have previously been considered essential in
physiotherapy programmes following abdominal surgery [46], there has been no convincing
evidence showing them to be any more effective in reducing PPC incidence than providing
frequent early intensive ambulation alone [59]. As a result, recent research has focussed on the
effectiveness of providing early ambulation alone in preventing post-operative complications
[46]. Following emergency UAS, some patients may be unable to ambulate due to, for example,
haemodynamic instability or traumatic injury, and thus, the inclusion of DB&C should be
considered to be of value after emergency UAS [46]. If sputum retention occurs post-opera‐
tively, DB&C can also be augmented using additional techniques such as positive expiratory
pressure (PEP) therapies. Such devices have been purported to aid in improving lung volumes
and secretion clearance although a systematic review concluded that PEP conveys no addi‐
tional benefit over other respiratory techniques [60]. These findings were limited by the poor
quality of studies and small samples sizes within the review. However, since this systematic
review, a well-designed randomised controlled trial (RCT) has found that an oscillating PEP
device reduced days of fever and LOS [61] following elective UAS and thoracic surgery.
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Incentive spirometries (ISs) are respiratory devices, which aim to increase inspiratory volumes.
Incentive spirometry has been researched extensively, but meta-analysis of the available data
has found little benefit when administered prophylactically following elective surgery [62,
63]. The benefits of PEP and IS are currently unknown in emergency surgery populations;
however, considering that emergency abdominal surgery patients are at high risk of PPC and
that these devices are generally low cost, on the balance of risk versus benefit, such devices
should be considered as a prophylactic respiratory physiotherapy treatment in patients
considered high risk for the development of a PPC.
To date, the current research investigating the effectiveness of respiratory physiotherapy
interventions in a population following emergency UAS is inconclusive due to limited low-
quality research and poor sample sizes. In this high-risk population, it is possible that the
benefit of a reduction in PPCs by the delivery of prophylactic low-cost, low-risk interventions
may outweigh the high cost of PPCs to the healthcare system however further and better-
quality research, including cost-benefit analyses, is required to determine this.
3.1.2.3. Non-invasive ventilation
Non-invasive ventilation (NIV) in the form of either continuous positive airway pressure
(CPAP) or bi-level positive airway pressure (BiPAP) reverses the known reduction in func‐
tional residual capacity (FRC) following abdominal surgery. Mechanically driven air-flow
(with or without additional oxygenation) is delivered during inspiration via a sealed facemask
or nasal interface until a predetermined inspiratory positive airway pressure is obtained. On
expiration, positive airway pressure is maintained with the use of a positive end expiratory
pressure (PEEP) valve. This positive intrathoracic pressure throughout the breath cycle
increases FRC, reverses atelectasis and improves gas exchange. NIV can be used either
prophylactically aiming to prevent PPC, or as a therapy to address hypoxemia and respiratory
failure.
Systematic reviews support the use of NIV to prevent respiratory complications following
abdominal surgery despite methodological limitations of the clinical trials included. The
majority of trials compared NIV to usual care of oxygen therapy alone and/or respiratory
physiotherapy (DB&C ± incentive spirometry/PEP) in the post-operative period. These trials
demonstrate NIV may reduce PPC risk by half, with a further significant sub-group effect
specifically for the prevention of pneumonia [64, 65]. Systematic reviews and meta-analyses
of NIV as a treatment for respiratory failure following abdominal surgery have not yet been
performed due to the lack of clinical trials on this topic. However, a recent multicentre RCT
has reported that NIV as a treatment for acute hypoxemic respiratory failure following
abdominal surgery prevents tracheal intubation and reduces mortality when compared to
using oxygen therapy alone [66].
Despite evidence supporting the use of NIV as an effective therapeutic intervention to prevent
PPC, the uptake in hospitals is poor. Data from an observational study at a single large tertiary
metropolitan hospital investigating PPC following high-risk abdominal surgery reported that
NIV was utilised in just 3% of patients [13]. A reasonable question arises; if NIV has been shown
to be superior to usual care in the prevention of PPC following abdominal surgery, why is it
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that this therapy is not widely provided as standard care? The answer to this question is likely
to be multifactorial [67]. Clinical trials have not reported widely on the rates of negative effects
of NIV. Potential risks and negative factors associated with the use of NIV are patient dis‐
comfort with the sealed interface leading to non-compliance, aspiration pneumonia secondary
to emesis whilst wearing the mask, gastric gas insufflation, reduced venous return and cardiac
filling, failure to provide consistent therapeutic pressure with air leaks around the interface
occurring especially with the presence of nasogastric tubes, and the requirement for a dedi‐
cated skilled health professional to apply, titrate and to monitor the use of NIV making it
problematic to manage outside the critical care environment. It may be that a combination of
these negative factors prevents a hospital from providing this efficacious preventative therapy
to all patients following abdominal surgery. Additionally, the paucity of cost-benefit and risk
analysis evidence for NIV versus standard care may also be a factor. The hospital and patient
costs of blanket NIV application may outweigh the benefit of preventing PPC, especially if the
PPC incidence rate is low. Until detailed cost-benefit analysis and adverse event rates are
reported in more detail, this remains unknown. It may not be necessary or cost-effective to
treat all patients with prophylactic NIV. It may be more appropriate to stratify patients into
high- and low-risk groups. Simple, low-cost prophylactic measures such as self-directed DB&C
exercises, IS or PEP devices may be all that is required to prevent a PPC from occurring after
low-risk abdominal surgery. Selective application of NIV to patients identified as being at high
risk of developing a PPC may be more appropriate [68].
Other factors that need further investigation is the ideal frequency and duration of NIV therapy
to prevent PPC, and, whether or not delivering high-flow humidified oxygen via specialised
nasal prongs is as effective and/or more cost-effective as NIV in preventing PPC following
abdominal surgery. Preliminary data have shown that high-flow nasal prongs (HFNP) are
comparable to NIV in the treatment of hypoxemic respiratory failure yet with better patient
compliance [69]. The use of HFNP following abdominal surgery to prevent PPC may be more
a more feasible option compared with NIV and should be explored further.
Non-invasive ventilation is a proven prophylactic intervention in the reduction in PPC and
pneumonia. Despite the evidence, application on a broad-scale is poor. On the balance of
available evidence, prophylactic delivery of NIV should be targeted towards all patients at
high risk of developing a PPC and this includes all patients having emergency open upper
abdominal surgery.
3.1.2.4. Barriers to physiotherapy interventions
3.1.2.4.1. Cardiovascular and haemodynamic instability
In those undergoing emergency upper abdominal surgery, early mobilisation and other
physiotherapy interventions may not be possible due to the increased likelihood of post-
operative complications such as hypotension, post-operative bleeding and increased pain. It
has been reported that following elective and emergency abdominal surgery, 52% of patients
have some type of barrier to early ambulation with the most common being hypotension [13]
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although, where required respiratory therapies, such as DB&C, can all be applied in patients
unable to mobilise unless contraindicated.
3.1.2.4.2. Psychological preparedness
In patients awaiting elective UAS, education and planning allows for some manner of
psychological preparedness for surgery and what it entails. ERAS guidelines have recommen‐
dations regarding preoperative preparation of patients undergoing elective UAS with
preoperative counselling recommended in all guidelines [54–58]. Emergency surgery leaves
little or no time to prepare patients psychologically for the surgery or for the process of recovery
after surgery. Post-operative education, detailing the rationale for respiratory care and early
ambulation, is important to ensure patients are engaged in their own recovery and understand
the necessity for complication prevention.
3.1.3. Outcome measures
The use of standardised outcome measures throughout the period of care provides a means
to quantify change from baseline status and evaluate the efficacy of care. Emergency UAS
dictates that premorbid status is often unknown and the impact of the surgery and subsequent
rehabilitation on physical function may be unclear. Utilising standardised and repeatable
outcome measures early in the post-operative period will provide a means by which changes
in condition may be measured. These may include, but not be limited to respiratory, cardio‐
vascular, musculoskeletal and neurological status. Studies investigating physiotherapy
rehabilitation practices in acute surgical care commonly report LOS and post-operative
complications as proxy outcome measures, but these measures have limitations when dem‐
onstrating the functional changes associated with physiotherapy interventions [70]. Outcome
measures designed for the measurement of physical function in the acute care environment
include, amongst others, the Physical Function ICU Test (PFIT) [71], the Acute Care Index of
Function [70], Activity Measure for Post-Acute Care (AM-PAC) ‘6-Clicks’ tool [72], the
Modified Iowa Level of Assistance scale (mILOA) [73] and the Functional Independence
Measure (FIM) [74, 75]. No single physical therapy functional outcome measure has yet been
found to be valid and reliable specifically in patients following elective or emergency UAS.
However, the PFIT and Acute Care Index of Function were developed for measuring mobility
in patients with critical illness and the mILOA has been shown to be reliable, valid and
responsive in assessing the mobility status of acute hospital inpatients [73] and their use could
be extrapolated to the emergency surgery population. Determining tools with satisfactory
psychometric and clinimetric properties in patients undergoing both elective and emergency
abdominal surgery warrants further investigation. Embedding outcome measures should be
a matter of routine in clinical practice and research and until a specific outcome measure for
physical function is tested for the emergency UAS population, the use of well-tested outcome
measures from other clinical populations is required.
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3.1.4. Physiotherapy following discharge from hospital
Surgical and perioperative care should strive to improve both the quantity (life expectancy)
and quality of life [76]. The development of even minor post-operative complications has been
demonstrated to be a major determinant of hospital readmission, long-term adverse outcomes
and death [77, 78]. Complications in the immediate post-operative period have been shown to
be independent predictors of poorer recovery and poor Health Related Quality of Life
(HRQoL) [79, 80] with delayed recovery and persistent disability following UAS demonstrated
up to 6 months post-operatively [79]. Following major intestinal surgery in elderly patients,
mortality, LOS, complication rate, discharge destination and discharge home with/without
help were found to be significantly better in patients undergoing electively surgery compared
with the same procedures performed as an emergency. Louis et al. [81] found 69% of patients
were discharged directly home after elective procedures compared with only 6.5% if the same
procedure was performed as an emergency. Less than half of older adults admitted to hospital
for any cause return to their premorbid function within 1 year [82]. Despite these studies, little
work has been done to investigate what ongoing rehabilitation support patients require or is
available following emergency abdominal surgery. Indeed, it has been argued that after
emergency surgery, future studies should reconsider their focus and consider utilising long-
term functional outcomes alongside more traditional outcomes such as in-hospital or 30-day
mortality and morbidity [81]. It is conceivable that following abdominal surgery post-
operative exercise rehabilitation programmes (both in the inpatient and outpatient environ‐
ment) might hasten recovery, alter discharge destination and improve long-term outcomes.
Whilst caution is warranted in extrapolating data from Louis et al. [81] to patients following
emergency abdominal surgery, the feasibility of inpatient rehabilitation programmes has been
determined in recent studies for patients recovering from critical illness [83, 84]. In this phase
of recovery, the aim of improving physical function to promote safe and timely hospital
discharge is similar across populations. Beyond hospital discharge, to date only a small number
of studies exist which investigate the effect of post-discharge rehabilitation programmes and
none of these are solely in patients undergoing abdominal surgery [85–89]. Recently, a
Cochrane systematic review [90] has examined the effect of physical rehabilitation on HRQoL
and physical recovery following critical illness and ICU stay. The review included six clinical
trials (483 adult ICU participants) that compared an exercise intervention after ICU discharge
with any other intervention or a control/usual care programme in adult survivors of critical
illness. The overall quality of the evidence precluded meta-analysis. The exercise-based
interventions were delivered as inpatient programmes in two studies, as both inpatient and
outpatients in one study and as outpatients in three studies. Whilst the duration of the
intervention varied according to length of hospital stay following ICU discharge, it was
generally for a period of 12 weeks. Outcome measures were functional exercise capacity and
HRQoL but these varied in both their measurement and the tool used for measurement.
Overall, the quality of the evidence was low and study findings were inconsistent; some studies
reported improvements in functional exercise capacity and others not. The review found no
effect on HRQoL.
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Given the absence of evidence investigating the effect of rehabilitation programmes on patients
having undergone elective or emergency abdominal surgery, and the limitations in the
evidence in a population following critical illness, further investigation of the value of post-
discharge physical rehabilitation programmes is warranted.
4. Recommendations for physiotherapy practice in patients following
emergency abdominal surgery
Patient education regarding the necessity for physiotherapy interventions should be imple‐
mented post-operatively as soon as feasible to ensure patients are engaged in their own
recovery and understand complication prevention strategies such as respiratory physiother‐
apy and early mobilisation.
Mobilisation should be commenced as soon as possible to prevent complications associated
with prolonged immobility.
Evidence for the prophylactic use of DB&C exercises, PEP or IS in patients following emer‐
gency abdominal surgery is generally of low quality and under-powered. Until further
evidence is available to guide best practice, DB&C exercises should be instituted where
ambulation is delayed in high-risk patients. Incentive spirometry and PEP devices can be
provided prophylactically on a case-by-case basis where individual hospitals decide that the
benefit of reducing PPC outweighs the cost of this service provision.
There is evidence to suggest prophylactic NIV is effective in preventing PPCs following
abdominal surgery. The cost-effectiveness associated with providing prophylactic NIV to all
patients undergoing abdominal surgery has not been established, and thus, it is recommended
that the use of post-operative NIV is restricted to those at high risk of developing a PPC.
For audit, research and clinical purposes, the Melbourne Group Score should be used to
diagnose PPCs that are amenable to physiotherapy intervention.
Evidence for post-discharge rehabilitation is lacking. In the absence of evidence, we recom‐
mend assessment of functional ability on discharge from hospital to highlight patients who
may require ongoing rehabilitation.
5. Conclusion
Complications following emergency abdominal surgery include PPCs and the sequelae of
prolonged immobility. Physiotherapy aims to remediate these problems, but to date, the
effectiveness of these interventions in patients following emergency abdominal surgery has
been poorly investigated. Due to paucity of published physiotherapy outcome data in this
patient group, we have drawn on evidence from patients with critical illness or undergoing
elective abdominal surgery to enable us to make recommendations for practice; however, we
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recognise the limitations with adopting this approach. The chapter has attempted to highlight
the areas for further research to help determine the effectiveness of physiotherapy interven‐
tions in this high-risk patient population.
Author details
Kate Sullivan1,2,3, Julie Reeve4, Ianthe Boden2,3,5* and Rebecca Lane1
*Address all correspondence to: ianthe.boden@ths.tas.gov.au
1 School of Primary Health Care, Faculty of Nursing, Medicine and Health Science, Monash
University, Frankston, Victoria, Australia
2 Physiotherapy Department, Launceston General Hospital, Launceston, Tasmania, Austral‐
ia
3 Clifford Craig Medical Research Trust, Launceston General Hospital, Launceston, Tasma‐
nia, Australia
4 School of Rehabilitation and Occupation Studies, Faculty of Health and Environmental Sci‐
ences, Auckland University of Technology, Auckland, New Zealand
5 Department of Physiotherapy, Melbourne School of Health Sciences, The University of
Melbourne, Parkville, Victoria, Australia
References
[1] Allvin R, Berg K, Idvall E, Nilsson U. Postoperative recovery: a concept analysis. Journal
of Advanced Nursing. 2007;57(5):552–8.
[2] Lee L, Tran T, Mayo NE, Carli F, Feldman LS. What does it really mean to “recover”
from an operation? Surgery. 2014;155(2):211–6.
[3] Reeve J, Boden I. The physiotherapy management of patients undergoing abdominal
surgery. New Zealand Journal of Physiotherapy. 2016;42(1):33–49.
[4] Sørensen LT, Malaki A, Wille-Jørgensen P, Kallehave F, Kjærgaard J, Hemmingsen U,
et al. Risk factors for mortality and postoperative complications after gastrointestinal
surgery. Journal of Gastrointestinal Surgery. 2007;11(7):903–10.
[5] Serejo LGG, da Silva-Júnior FP, Bastos JPC, de Bruin GS, Mota RMS, de Bruin PFC. Risk
factors for pulmonary complications after emergency abdominal surgery. Respiratory
Medicine. 2007;101(4):808–13.
Physiotherapy Following Emergency Abdominal Surgery
http://dx.doi.org/10.5772/63969
121
[6] Cash J. Physiotherapy in Some Surgical Conditions. London: Faber and Faber; 1955. p.
105–44.
[7] Innocenti D. An overview of the development of breathing exercises into the specialty
of physiotherapy for heart and lung conditions. Physiotherapy. 1996;82(12):681–93.
[8] Aahlin E, Tranø G, Johns N, Horn A, Søreide J, Fearon K, et al. Risk factors, complica‐
tions and survival after upper abdominal surgery: a prospective cohort study. BMC
Surgery. 2015;15(1):83.
[9] Hamel MB, Henderson WG, Khuri SF, Daley J. Surgical outcomes for patients aged 80
and older: morbidity and mortality from major noncardiac surgery. Journal of the
American Geriatrics Society. 2005;53(3):424–9.
[10] Vester-Andersen M, Waldau T, Wetterslev J, Møller MH, Rosenberg J, Jørgensen LN,
et al. Randomized multicentre feasibility trial of intermediate care versus standard
ward care after emergency abdominal surgery (InCare trial). British Journal of Surgery.
2015;102(6):619–29. doi:10.1002/bjs.9749.
[11] O’Donohue Jr W. Postoperative pulmonary complications. When are preventive and
therapeutic measures necessary? Postgraduate Medicine. 1992;91(3):167–70.
[12] PROVHILO group. High versus low positive end-expiratory pressure during general
anaesthesia for open abdominal surgery (PROVHILO trial): a multicentre randomised
controlled trial. Lancet. 2014;384(9942):495–503. doi: 10.1016/S0140-6736(14)60416-5.
[13] Haines KJ, Skinner EH, Berney S, Austin Health PSI. Association of postoperative
pulmonary complications with delayed mobilisation following major abdominal
surgery: an observational cohort study. Physiotherapy. 2013;99(2):119–25. doi:10.1016/
j.physio.2012.05.013.
[14] Wilson I, Barrett MP, Sinha A, Chan S. Predictors of in-hospital mortality amongst
octogenarians undergoing emergency general surgery: a retrospective cohort study.
International Journal of Surgery. 2014;12(11):1157–61.
[15] Smetana GW. Preoperative pulmonary assessment of the older adult. Clinics in
Geriatric Medicine. 2003;19(1):35–55.
[16] Canet J, Gallart L, Gomar C, Paluzie G, Valles J, Castillo J, et al. Prediction of postop‐
erative pulmonary complications in a population-based surgical cohort. Anesthesiol‐
ogy. 2010;113(6):1338–50.
[17] Lång M, Niskanen M, Miettinen P, Alhava E, Takala J. Outcome and resource utilization
in gastroenterological surgery. British Journal of Surgery. 2001;88(7):1006–14.
[18] Scholes RL, Browning L, Sztendur EM, Denehy L. Duration of anaesthesia, type of
surgery, respiratory co-morbidity, predicted VO max and smoking predict postoper‐
ative pulmonary complications after upper abdominal surgery: an observational study.
Australian Journal of Physiotherapy. 2009;55(3):191–8.
Actual Problems of Emergency Abdominal Surgery122
[19] Helgstrand F, Rosenberg J, Kehlet H, Bisgaard T. Nationwide analysis of prolonged
hospital stay and readmission after elective ventral hernia repair. Danish Medical
Bulletin. 2011;58(10):A4322.
[20] Arenal JJ, Bengoechea-Beeby M. Mortality associated with emergency abdominal
surgery in the elderly. Canadian Journal of Surgery. 2003;46(2):111.
[21] Martínez-Serrano MÁ, Pereira JA, Sancho JJ, López-Cano M, Bombuy E, Hidalgo J. Risk
of death after emergency repair of abdominal wall hernias. Still waiting for improve‐
ment. Langenbeck’s Archives of Surgery. 2010;395(5):551–6.
[22] Warner DO. Preventing postoperative pulmonary complications the role of the
anesthesiologist. The Journal of the American Society of Anesthesiologists. 2000;92(5):
1467–72.
[23] Gamsu G, Singer MM, Vincent HH, Berry S, Nadel JA. Postoperative Impairment of
Mucous Transport in the Lung 1–4. American Review of Respiratory Disease.
1976;114(4):673–9.
[24] Scholes R, Browning L, Sztendur E, Denehy L. Duration of anaesthesia, type of surgery,
respiratory co-morbidity, predicted VO2max and smoking predict postoperative
pulmonary complications after upper abdominal surgery: an observational study.
Australian Journal of Physiotherapy. 2009;55(3):191–8.
[25] Agostini P, Naidu B, Cieslik H, Rathinam S, Bishay E, Kalkat M, et al. Comparison of
recognition tools for postoperative pulmonary complications following thoracotomy.
Physiotherapy. 2011;97(4):278–83.
[26] Browning L, Denehy L, Scholes RL. The quantity of early upright mobilisation per‐
formed following upper abdominal surgery is low: an observational study. Australian
Journal of Physiotherapy. 2007;53(1):47–52.
[27] Haines KJ, Skinner EH, Berney S. Association of postoperative pulmonary complica‐
tions with delayed mobilisation following major abdominal surgery: an observational
cohort study. Physiotherapy. 2013;99(2):119–25. doi:10.1016/j.physio.2012.05.013.
[28] Parry S, Denehy L, Berney S, Browning L. Clinical application of the Melbourne risk
prediction tool in a high-risk upper abdominal surgical population: an observational
cohort study. Physiotherapy. 2014;100(1):47–53.
[29] Reeve JC, Nicol K, Stiller K, McPherson KM, Birch P, Gordon IR, et al. Does physio‐
therapy reduce the incidence of postoperative pulmonary complications following
pulmonary resection via open thoracotomy? A preliminary randomised single-blind
clinical trial. European Journal of Cardio-Thoracic Surgery. 2010;37(5):1158–66.
[30] Cassidy MR, Rosenkranz P, McAneny D. Reducing postoperative venous throm‐
boembolism complications with a standardized risk-stratified prophylaxis protocol
and mobilization program. Journal of the American College of Surgeons. 2014;218(6):
1095–104.
Physiotherapy Following Emergency Abdominal Surgery
http://dx.doi.org/10.5772/63969
123
[31] Ringholm S, Biensø RS, Kiilerich K, Guadalupe-Grau A, Aachmann-Andersen NJ,
Saltin B, et al. Bed rest reduces metabolic protein content and abolishes exercise-
induced mRNA responses in human skeletal muscle. American Journal of Physiology-
Endocrinology and Metabolism. 2011;301(4):E649–E58.
[32] Biensø RS, Ringholm S, Kiilerich K, Aachmann-Andersen N-J, Krogh-Madsen R,
Guerra B, et al. GLUT4 and glycogen synthase are key players in bed rest-induced
insulin resistance. Diabetes. 2012;61(5):1090–9.
[33] Allen C, Glasziou P, Mar CD. Bed rest: a potentially harmful treatment needing more
careful evaluation. The Lancet. 1999;354(9186):1229–33.
[34] Hermans G, Van den Berghe G. Clinical review: intensive care unit acquired weakness.
Critical Care. 2015;19(1):1–9.
[35] Silva Y, Li S, Rickard M. Does the addition of deep breathing exercises to physiother‐
apy-directed early mobilisation alter patient outcomes following high-risk open upper
abdominal surgery? Physiotherapy. 2013;99(3):187–93.
[36] Artinyan A, Nunoo-Mensah JW, Balasubramaniam S, Gauderman J, Essani R, Gonza‐
lez-Ruiz C, et al. Prolonged postoperative ileus-definition, risk factors, and predictors
after surgery. World Journal of Surgery. 2008;32(7):1495–500. doi:10.1007/
s00268-008-9491-2.
[37] Millan M, Biondo S, Fraccalvieri D, Frago R, Golda T, Kreisler E. Risk factors for
prolonged postoperative ileus after colorectal cancer surgery. World Journal of
Surgery. 2012;36(1):179–85. doi:10.1007/s00268-011-1339-5.
[38] Vather R, Trivedi S, Bissett I. Defining postoperative ileus: results of a systematic review
and global survey. Journal of Gastrointestinal Surgery: Official Journal of the Society
for Surgery of the Alimentary Tract. 2013;17(5):962–72. doi:10.1007/s11605-013-2148-y.
[39] Vather R, Bissett I. Management of prolonged post-operative ileus: evidence-based
recommendations. ANZ Journal of Surgery. 2013;83(5):319–24. doi:10.1111/ans.12102.
[40] Fagevik Olsén M, Hahn I, Nordgren S, Lonroth H, Lundholm K. Randomized control‐
led trial of prophylactic chest physiotherapy in major abdominal surgery. British
Journal of Surgery. 1997;84(11):1535–8.
[41] Samnani SS, Umer MF, Mehdi SH, Farid FN. Impact of preoperative counselling on
early postoperative mobilization and its role in smooth recovery. International
Scholarly Research Notices. 2014:1–4.
[42] Mans CM, Reeve JC, Elkins MR. Postoperative outcomes following preoperative
inspiratory muscle training in patients undergoing cardiothoracic or upper abdominal
surgery: a systematic review and meta analysis. Clinical Rehabilitation. 2014. doi:
10.1177/0269215514545350.
[43] Pouwels S, Stokmans RA, Willigendael EM, Nienhuijs SW, Rosman C, van Ramshorst
B, et al. Preoperative exercise therapy for elective major abdominal surgery: a system‐
Actual Problems of Emergency Abdominal Surgery124
atic review. International Journal of Surgery. 2014;12(2):134–40. doi:10.1016/j.ijsu.
2013.11.018.
[44] Makhabah DN, Martino F, Ambrosino N. Peri-operative physiotherapy. Multidiscipli‐
nary Respiratory Medicine. 2013;8(1):4.
[45] Smetana GW. Postoperative pulmonary complications: an update on risk assessment
and reduction. Cleveland Clinic Journal of Medicine. 2009;76(Suppl 4):S60–S5.
[46] Hanekom S, Brooks D, Denehy L, Fagevik-Olsen M, Hardcastle T, Manie S, et al.
Reaching consensus on the physiotherapeutic management of patients following upper
abdominal surgery: a pragmatic approach to interpret equivocal evidence. BMC
Medical Informatics and Decision Making. 2012;6:12.
[47] Perme C, Chandrashekar R. Early mobility and walking program for patients in
intensive care units: creating a standard of care. American Journal of Critical Care.
2009;18(3):212–21.
[48] Kress JP. Clinical trials of early mobilization of critically ill patients. Critical Care
Medicine. 2009;37(10):S442–S7.
[49] Mendez-Tellez PA, Nusr R, Feldman D, Needham DM. Early physical rehabilitation in
the ICU: a review for the neurohospitalist. The Neurohospitalist. 2012;2(3):96–105.
[50] Thomas AJ. Physiotherapy led early rehabilitation of the patient with critical illness.
Physical Therapy Reviews. 2011;16(1):46–57.
[51] Truong AD, Fan E, Brower RG, Needham DM. Bench-to-bedside review: mobilizing
patients in the intensive care unit–from pathophysiology to clinical trials. Critical Care.
2009;13(4):216.
[52] Castro-Avila AC, Serón P, Fan E, Gaete M, Mickan S. Effect of early rehabilitation
during intensive care unit stay on functional status: systematic review and meta-
analysis. PloS One. 2015;10(7).
[53] Adler J, Malone D. Early mobilization in the intensive care unit: a systematic review.
Cardiopulmonary Physical Therapy Journal. 2012;23(1):5.
[54] Nygren J, Thacker J, Carli F, Fearon K, Norderval S, Lobo D, et al. Guidelines for
perioperative care in elective rectal/pelvic surgery: Enhanced Recovery After Surgery
(ERAS®) Society recommendations. Clinical Nutrition. 2012;31(6):801–16.
[55] Lassen K, Coolsen MM, Slim K, Carli F, de Aguilar-Nascimento JE, Schäfer M, et al.
Guidelines for perioperative care for pancreaticoduodenectomy: Enhanced Recovery
After Surgery (ERAS®) Society recommendations. Clinical Nutrition. 2012;31(6):817–
30.
[56] Cerantola Y, Valerio M, Persson B, Jichlinski P, Ljungqvist O, Hubner M, et al. Guide‐
lines for perioperative care after radical cystectomy for bladder cancer: Enhanced
Physiotherapy Following Emergency Abdominal Surgery
http://dx.doi.org/10.5772/63969
125
Recovery After Surgery (ERAS®) society recommendations. Clinical Nutrition.
2013;32(6):879–87.
[57] Gustafsson U, Scott M, Schwenk W, Demartines N, Roulin D, Francis N, et al. Guide‐
lines for perioperative care in elective colonic surgery: Enhanced Recovery After
Surgery (ERAS®) Society recommendations. Clinical Nutrition. 2012;31(6):783–800.
[58] Mortensen K, Nilsson M, Slim K, Schäfer M, Mariette C, Braga M, et al. Consensus
guidelines for enhanced recovery after gastrectomy. British Journal of Surgery.
2014;101(10):1209–29.
[59] Mackay M, Ellis E, Johnston C. Randomised clinical trial of physiotherapy after open
abdominal surgery in high risk patients. Australian Journal of Physiotherapy.
2005;51(3):151–9.
[60] Orman J, Westerdahl E. Chest physiotherapy with positive expiratory pressure
breathing after abdominal and thoracic surgery: a systematic review (structured
abstract). Acta Anaesthesiologica Scandinavica. 2010.
[61] Zhang XY, Wang Q, Zhang S, Tan W, Wang Z, Li J. The use of a modified, oscillating
positive expiratory pressure device reduced fever and length of hospital stay in patients
after thoracic and upper abdominal surgery: a randomised trial. Journal of Physiother‐
apy. 2015;61(1):16–20. doi:10.1016/j.jphys.2014.11.013.
[62] Freitas Eliane RFS, Soares Bernardo GO, Cardoso Jefferson R, Atallah Álvaro N.
Incentive spirometry for preventing pulmonary complications after coronary artery
bypass graft. Cochrane Database of Systematic Reviews. 2012. doi:
10.1002/14651858.CD004466.pub3.
[63] do Nascimento Junior P, Módolo Norma SP, Andrade S, Guimarães Michele MF, Braz
Leandro G, El Dib R. Incentive spirometry for prevention of postoperative pulmonary
complications in upper abdominal surgery. Cochrane Database of Systematic Reviews.
2014. doi:10.1002/14651858.CD006058.pub3.
[64] Ireland CJ, Chapman TM, Mathew SF, Herbison GP, Zacharias M. Continuous positive
airway pressure (CPAP) during the postoperative period for prevention of postoper‐
ative morbidity and mortality following major abdominal surgery. Cochrane Database
of Systematic Reviews. 2014;8.
[65] Ferreyra GP, Baussano I, Squadrone V, Richiardi L, Marchiaro G, Del Sorbo L, et al.
Continuous positive airway pressure for treatment of respiratory complications after
abdominal surgery: a systematic review and meta-analysis. Annals of Surgery.
2008;247(4):617–26.
[66] Jaber S, Lescot T, Futier E, Paugam-Burtz C, Seguin P, Ferrandiere M, et al. Effect of
noninvasive ventilation on tracheal reintubation among patients with hypoxemic
respiratory failure following abdominal surgery: a randomized clinical trial. JAMA.
2016;315(13):1345–53.
Actual Problems of Emergency Abdominal Surgery126
[67] Harvey G, Kitson A. Translating evidence into healthcare policy and practice: single
versus multi-faceted implementation strategies—is there a simple answer to a complex
question? International Journal of Health Policy and Management. 2015;4(3):123.
[68] Fiore JF, Chiavegato LD, Paisani DM, Colucci DB. Utilization of positive-pressure
devices for breathing exercises in the hospital setting: a regional survey in Sao Paulo,
Brazil. Respiratory Care. 2010;55(6):719–24.
[69] Frat J-P, Thille AW, Mercat A, Girault C, Ragot S, Perbet S, et al. High-flow oxygen
through nasal cannula in acute hypoxemic respiratory failure. New England Journal
of Medicine. 2015;372(23):2185–96.
[70] Scherer SA, Hammerich AS. Outcomes in cardiopulmonary physical therapy: acute
care index of function. Cardiopulmonary Physical Therapy Journal. 2008;19(3):94–7.
[71] Berney S, Skinner E, Denehy L, Warrillow S. Development of a physical function
outcome measure (PFIT) and a pilot exercise training protocol for use in intensive care.
Critical Care and Resuscitation. 2009;11(2):110.
[72] Jette DU, Stilphen M, Ranganathan VK, Passek SD, Frost FS, Jette AM. Validity of the
AM-PAC “6-Clicks” inpatient daily activity and basic mobility short forms. Physical
Therapy. 2014;94(3):379–91.
[73] Kimmel LA, Elliott JE, Sayer JM, Holland AE. Assessing the reliability and validity of
a physical therapy functional measurement tool—the modified iowa level of assistance
scale—in acute hospital inpatients. Physical Therapy. 2015.
[74] Granger CV, Hamilton BB, Keith RA, Zielezny M, Sherwin FS. Advances in functional
assessment for medical rehabilitation. Topics in Geriatric Rehabilitation. 1986;1(3):59–
74.
[75] Bohannon RW, Leary KM. Standing balance and function over the course of acute
rehabilitation. Archives of Physical Medicine and Rehabilitation. 1995;76(11):994–6.
[76] Peden C, Grocott M. National research strategies: what outcomes are important in peri-
operative elderly care? Anaesthesia. 2014;69(s1):61–9.
[77] Moonesinghe S, Harris S, Mythen M, Rowan K, Haddad F, Emberton M, et al. Survival
after postoperative morbidity: a longitudinal observational cohort study. British
Journal of Anaesthesia. 2014;113(6):977–84.
[78] Khuri SF, Henderson WG, DePalma RG, Mosca C, Healey NA, Kumbhani DJ. Deter‐
minants of long-term survival after major surgery and the adverse effect of postoper‐
ative complications. Annals of Surgery. 2005;242(3):326–43.
[79] Lawrence VA, Hazuda HP, Cornell JE, Pederson T, Bradshaw PT, Mulrow CD, et al.
Functional independence after major abdominal surgery in the elderly. Journal of the
American College of Surgeons. 2004;199(5):762–72.
Physiotherapy Following Emergency Abdominal Surgery
http://dx.doi.org/10.5772/63969
127
[80] Davies SJ, Francis J, Dilley J, Wilson RJT, Howell SJ, Allgar V. Measuring outcomes
after major abdominal surgery during hospitalization: reliability and validity of the
Postoperative Morbidity Survey. Perioperative Medicine. 2013;2(1):1.
[81] Louis DJ, Hsu A, Brand MI, Saclarides TJ. Morbidity and mortality in octogenarians
and older undergoing major intestinal surgery. Diseases of the Colon & Rectum.
2009;52(1):59–63.
[82] Covinsky KE, Pierluissi E, Johnston CB. Hospitalization-associated disability:“She was
probably able to ambulate, but I’m not sure”. JAMA. 2011;306(16):1782–93.
[83] Salisbury L, Merriweather J, Walsh T. The development and feasibility of a ward-based
physiotherapy and nutritional rehabilitation package for people experiencing critical
illness. Clinical Rehabilitation. 2010;24(6):489–500.
[84] Denehy L, Berney S, Skinner E, Edbrooke L, Haines K, Warrillow S, et al. Evaluation
of exercise rehabilitation for survivors of intensive care: an assessor blinded rando‐
mised controlled trial. American Journal of Respiratory and Critical Care Medicine.
2011;183:A2642.
[85] Connolly B, Denehy L, Brett S, Elliott D, Hart N. Exercise rehabilitation following
hospital discharge in survivors of critical illness: an integrative review. Critical Care.
2012;16(3):226.
[86] Connolly B, Thompson A, Douiri A, Moxham J, Hart N. Exercise-based rehabilitation
after hospital discharge for survivors of critical illness with intensive care unit–acquired
weakness: a pilot feasibility trial. Journal of Critical Care. 2015;30(3):589–98.
[87] Elliott D, McKinley S, Alison J, Aitken LM, King M, Leslie GD, et al. Health-related
quality of life and physical recovery after a critical illness: a multi-centre randomised
controlled trial of a home-based physical rehabilitation program. Critical Care.
2011;15(3):R142.
[88] Jones C, Skirrow P, Griffiths RD, Humphris GH, Ingleby S, Eddleston J, et al. Rehabil‐
itation after critical illness: a randomized, controlled trial. Critical Care Medicine.
2003;31(10):2456–61.
[89] Denehy L, Skinner EH, Edbrooke L, Haines K, Warrillow S, Hawthorne G, et al. Exercise
rehabilitation for patients with critical illness: a randomized controlled trial with 12
months of follow-up. Critical Care. 2013;17(4):R156.
[90] Connolly B, Salisbury L, O’Neill B, Geneen L, Douiri A, Grocott M, et al. Exercise
rehabilitation following intensive care unit discharge for recovery from critical illness.
Cochrane Database of Systematic Reviews. 2015;6.
Actual Problems of Emergency Abdominal Surgery128
